This paper endeavours to answer the following questions: (1) Do patients process information under a properly given general anaesthetic? (2) Is such processing recollected and if so in what forms? (3) Which factors enhance recollection? and (4) How might surgical practices be changed in light of the above findings?
Unlike the majority of papers concerning 'awareness' under general anaesthesia, this paper does not concentrate upon the role of individual drugs or specific anaesthetic techniques. Rather it seeks to place the question of awareness within the context of current psychological theories of memory. It is probable that factors which influence normal remembering and forgetting also influence encoding and recollection of events experienced under general anaesthesia. These factors include the salience ofthe event, how the patient is interviewed, by whom, the particular doctor-patient relationship, and the methods used to assess memory. These all may influence whether evidence for cognitive processing under anaesthesia can be found. The particular roles of event salience and strategies used for recollection are discussed in detail.
The question of whether patients are 'aware' under general anaesthesia has been of continuing concern to anaesthetists for the past 30 years. The focus has been almost exclusively directed at drug combinations and recall has been the primary evidence for or against awareness. Only recently has convincing evidence for cognitive processing under general anaesthesia been reported. This may be due in· part to a movement away from recall toward less intentional forms of recollection as measures.
The reliance upon recall has been unfortunate because it is the least robust measure of recollection and less sensitive than, for example, recognition. Recall can be influenced by state-dependent variables, such as drugs, as well as by context. Less intentional forms of memory, i.e, procedural or skill memory (as opposed to episodic or event memory), are not influenced by these factors. For example, Korsakoff patients who are clearly amnesic for events can test as well as normals when procedural memory is involved'. The use of recall as a measure of cognitive processingunder general anaesthesia has consequently led to an erroneous conclusion that 'awareness' is rare rather than that these memories, if they exist, are simply unavailable for recall.
Recall implies not only that the patient can tell you about what he experienced but that he was consciously (phenomenally) aware during the operation. Only events for which the subject is phenomenally aware are available for recalls. Nonconsciously perceived information (as found with subliminal perception, priming, dichotic listening, or blindsight) can profoundly influence behaviour. While this information can be recollected in a variety of forms, it cannot be recalled. Therefore, evidence for awareness must include not only those experiences that can be talked about and brought to mind intentionally, but also those behaviours that are more subtle and whose connection to intraoperative events are less obvious. For example, during one operation several extremely rude remarks were made about a patient. I asked the patient in a postoperative interview whether he could recall anything that he heard during the operation. Even with the aid of hypnosis, he had no recall but became embarrassed, angry, and later began to cry. He insisted that he did not know the reasons behind his emotions . and appeared to be genuinely perplexed. Whether he was unwilling or unable to recall is impossible to ascertain. Indeed, one cannot be sure whether events in theatre were responsible for these postoperativefeelings.
Whether anaesthetized patients are phenomenally aware is at present impossible to know. The best that can be achieved presently is to investigate whether they hear, respond, and remember what they hear. An inability to recall information does not suggest that it cannot be recollected. Recall is not ensured even when events are consciously experienced. This is clearly true for normal remembering but is most graphically illustrated with regard to severe impairments of memory. Claparede's" Korsakoff patient is a good and well known example. Claparede shook hands with her with a needle between his fingers. The day after, she could not recall having met Claparede but nevertheless refused to shake hands with him saying that 'sometimes hands contain pins'. Other patients refused, saying, for example, 'My hands are dirty'.
Because cognitive processing under general anaesthesia may occur consciously or nonconsciously, evidence for it will consist of any response a patient makes perioperatively or postoperatively which can be reasonably linked to perioperative events. Evidence will progress from the least to most intentional forms of recollection.
Orienting
The orienting response (OR) can be seen as behavioural, perceptual, and/or physiological efferent activity which can be elicited by a particular stimulus and occurs in close temporal proximity to the eliciting stimulus. In the case of general anaesthetics, only two ORs have been investigated, electroencephalograms (EEGs) and galvanic skin responses (GSRs). Studies of ORs have not yielded consistent results. This may be due in part to the collative variables (probability, novelty, etc.) of the stimuli.
In one successful study", a majority of premedicated, spontaneously breathing patients receiving a volatile anaesthetic agent showed an orienting response (GSR) when a name thought to be highly salient was mentioned. This was Arthur Scargill, the leader of the National Union of Mineworkers. The study was conducted during the NUM strike and it is questionable whether similar responses would have occurred had the strike not been on. Other names, including the patient's own, did not elicit ORs. In addition, conversation pertinent to the operation did not as readily elicit an OR as unusual conversation, such as jokes. ORs were elicited significantly more often in a similar group of patients by recorded sounds and statements versus recorded silence. It is clear from these studies that salience is a key variable, and studies which do not involve meaningful or significant stimuli are unlikely to present evidence supportive of awareness.
Postoperative nonverbal responses Several researchers have investigated the influence of intraoperative suggestions upon the patient's postoperative course. Pearson", for example, prepared tapes emphasizing a pleasant postoperative recovery. A number of measures were taken including analgesic requirements and the ratings of surgeons. While the experimental group did not differ significantly from the control group on any measures, the former was discharged from hospital an average of 2.42 days earlier.
Other authors have concentrated upon specific postoperative behavioural responses. Bennett et al: 6 found that patients instructed under general anaesthesia to pull on their ear during a postoperative interview, did so significantly more often than the control group. Goldmann et al. 7 found similar results with cardiac patients. None of the patients in either study recalled the suggestion even with the aid of hypnosis. In the latter study, the salience of the message was enhanced by recording the patient's name at the beginning and included additional suggestions for an easy and comfortable recovery. As all patients were seen preoperatively and told that they might hear a tape during their operation, expectation was increased.
Recognition A few studies have examined recognition of words or phrases played under anaesthesia with differing results. Dubovsky and Trustman'' gave obstetric patients letter-word pairs to remember under anaesthesia, e.g. 'G is for Game'. The experimental group did not do significantly better than controls when simply correct pairings were examined. However, a more sophisticated study" found that when the 'false alarm' rate was taken into account, significant differences with regard to recognition of the target words occurred. A similar, if slightly less rigorous experiment was conducted with only a single, highly knowledgable and motivated subject (one of the authors). No significant results were found on three recognition tests. As an afterthought, the authors tested one of the doctors present at the operation and found that her recognition scores also did not differ from chance. The authors concluded that the results 'still leave open the possibility that information presented under anaesthesia leaves some lasting impression that cannot be revealed in tests of retention that require remembering to be deliberate or intentional'!", Journal of the Royal Society of Medicine Volume 81 April 1988 225 In another study-! patients were given a preoperative 'general information' questionnaire which included questions such as 'What is the blood pressure of an octopus?' Patients were played the answers to selected questions during their operations as well as a suggestion of their own choosing and a suggestion for an easy recovery. None of the patients recalled hearing the answers, but patients performed significantly better on a postoperative recognition test on those items whose answers they had heard under anaesthesia.
Recall
As mentioned above, reports ofrecaU in the literature are rare. Retrospective studies have often reported an incidence of recall around 2%12. Recall has been associated with the absence of premedication and volatile anaesthetics, light anaesthesia, equipment failures, poor anaesthetic technique, and with highly salient events. Often cases are difficult to verify. Patients may report that they feel as if something happened but they cannot consciously remember it. An analogy can be made to dreaming.
If evidence of dreaming was based solely upon recall, it might beconcluded that dreams were rare. However, most people believe that we dream far more than we can remember and that failure to recall does not suggest that the event 'dreaming' did not occur. The failure is considered to be one of retrieval. Factors associated with dream recall are: when and how a subject is awakened, setting, motivation, personality, cognitive style, demand characteristics ofthe interview, rapport, and characteristics of the dream itself. The characteristics of the dream concern aspects of dream content relating to salience and intrapsychic conflict.
If factors influencing the recall of dreams also influence the recall of awareness under anaesthesia, then recall of perioperative events would be most likely to occur if the patient is awakened quickly postoperatively, heard something highly salient (but which did not cause intrapsychic conflict) during the operation, achieved good rapport with the interviewer, and was both motivated and interested in reporting.
With one exception'", prospective studies have not been conducted using highly salient intraoperative stimuli. Mclntyrel", for example, repeatedly played a tape about a cleaning woman who had been robbed of fifteen dollars. Not surprisingly, patients had no recall. The most famous study in the literature is that of Levinson'". Using only good hypnotic subjects, he created a mock, dramatic, perioperative crisis. Subsequently, he hypnotized the patients and found that 40% recalled the event, 40% became extremely anxious and terminated the hypnosis, and 20% had no recall. The study was not conducted double-blind and for ethical reasons has not been replicated.
Cheek"; using hypnosis, has documented several cases where operating theatre conversation has adversely influenced the patient's postoperative course without the patient's conscious knowledge. These are single case studies, and while the evidence is inconclusive, the relationship between the perioperative event and the patient's behaviour is often striking.
As recall is more affected by drugs, context, mood, and the conduct of the interview than forms of remembering which are less intentional, evidence for awareness based upon recall is slim. The following three studies suggest that even when efforts are made to maximize recall, it is both difficult to find and may be uncovered at risk of psychological distress to the patient.
Returning to the study of cardiac patients mentioned above", 7 of the 30 patients (23%) reported recall. Three of these reports (10%)included either verbatim recall of conversations which were later corroborated or information which the patient could not have known beforehand. High postoperative anxiety was significantly associated with patients reporting recall. These patients had not been more anxious than the rest when tested preoperatively. All patients who reported recall became anxious during their interviews and believed that they had been consciously aware during the incidents they reported.
In a double-blind trial involving premedicated spontaneously breathing patients, little evidence for recall was found when intraoperative stimuli of low and moderate salience were played to the patients!'. Information thought to be salient to the patient was gleaned during preoperative interviews. Of 25 patients, 3 reported under hypnosis images that could be associated with the taped message. Two follow:
A These messages were designed not to stress the patient. As the patient's hearing was not completely occluded, intraoperative events which were of greater salience may have overshadowed the prerecorded messages.
Finally, in a study designed to maximize recall!', the experimenter was not blind to the intraoperative stimulus. All patients were women and all good hypnotic subjects. The same suggestion was used throughout: 'When you awaken from your anaesthetic, you will believe for a moment that you have green hair'. The statements of 3 patients are suggestive of the taped message. Only the excerpt from the first interview ocurred under hypnosis. Even the use of an informed interviewer, good hypnotic subjects, and hypnosis does not supply incontrovertible evidence for recall. The connections, however, are intuitive and plausible. It is clear that recollection of perioperative events decreases as the intentionality of retrieval strategies increase. Eich 16 has written that 'events that occur while a person is asleep, anesthetized, or selectively attending to other ongoing events . . . are rarely revealed in tests of retention that require remembering to be deliberate or intentional'. Similar findings have been found with Korsakoff patienta'. Evidence for learning can be found, where it might otherwise not have been, when methods such as spelling, puzzle completion, or word recognition are used. These methods supply cues and contextual elements. Hypnosis may enhance remembering by reinstating contextual elements, allowing the patient to supply particular affective cues, and improving rapport. However, even with the aid of hypnosis, only a tiny fraction of the events that occurred under anaesthesia may be available for recall although they may be remembered in other ways. This may support the notion that cognitive processing under general anaesthesia occurs outside conscious awareness.
Evidence from subliminal perception, blindsight, and research with amnesic patients-? suggests that information-processing occurs consciously and nonconsciously. Consequently, a careless remark by surgeon may result in a longer hospital stay, slower healing, or an uncomfortable emotional state. Conversely, recovery may be improved by the judicious use of positive suggestions. The suggestions may not be recalled, but its influence upon the patient's subsequent behaviour may nevertheless be important.
The studies presented indicate that patients process .auditory information under general anaesthesia. Nonverbal rather than verbal responses are apt to show evidence of such processing. These are exactly the kinds of responses that are likely to remain unnoticed except by the keen and dedicated observer, thus perpetuating the myth that patients do not hear and respond to what they hear under general anaesthesia.
